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THE EFFECT OF’ SMALL ANGLES OF YAW AND PITCH ON THE CHARACTERISTICS
OF AIRPLANE PROPELLERS

.
BY HUGE B. FREEMAN

SUMMARY

The subject te8ts were carried out in the .30$oot m“nd
tunnel of the National Adrnsory Committee for .4ero-
nautics to determine the e$ect on the characteriaticaof a
propeller of inclining the propeller axig at gmall angle~
to the relatice m“nd. Te&8were made of afull-scale pro-
peller and fuselage combination at four angles of yaw
(0°, -!-5°, + 10°, and +16”), and of a model propeller,
nacelle, and w“ng combination at fire angles of pitch.
(–6°, 0°, +6°, + 10°, and +160).

The results of the full-scale teats of a propeller and
fuselage, without a wing, 8how that the e~ect on the pro-
pe~~erperformancei88ma[l. Simzar reWlt8 are 8hown by

the model test data except that iohere the propeller i8 di-

rectlg in front OJ the m-rig there i8 an apprect”able decreu8e

in efectire thrust and propula-ire ejia”ency with increase

of angle of pitch.

INTRODUCTION

In the prediction of airpIane performance it is USUSI
to assume that the line of thrust of the propelIer is
parallel to the flight path. This condition exists, of
course, for ody one particular angle of attack of the
airplane. For any other angle of attack, especially
when d.imbing or flying horizontally at low speeds~
the thrust line is inclined at an angle to the line of
flight. Previous model propeller tests have shown that
the reduction in thrust is negligible for small angl= of
pitch. (Reference 1.) Such tests have been made,
howerer, with the propeller alorq so the conditions do
not correspond to those found in practice, where the
propeller usually operates in front of a body such as a
fuselage, nacelle, or wing.

The object of the tests described in this report was to
determine the effect of inclining the thrust line at small
angles to the relative wind on the characteristics of a
propeller operating in front of a body. TWOseries of
tests were made. The first series consisted of yaw tests
of a fuU-scaIe propeller and fuselage. R would have
been desirabIe to change the augIe of pitch instead of
that of yaw, but this was not possible with the torque
dynamometer available, since it wouId not function
properIy except when in a level position. However,
for the propeller and fuselage, without a wing, it is

obvious that changing the a@e of yaw d cause a
eirnilar effect on the propeller performance to that
caused by changing the angle of pit~h. In the second
series, a model propeller and nacelle were tested alone
and in two positions rdative to a w-iq the combin-
ationbeing pitched at various angIes. All the tests were
made in the 20-foot tunneI of the NTationalAdvisory
Committee for Aeronautics-

APPARATUSKND TESTS

The full-scale propeIIer and fuse~oe are shown
mounted in the wind tunneI in F-e 1. The propeller
w= 9 feet in diameter and had two adjustable alumi-
num alloy blades. The curves for the blade form and
pitch distribution are given in Figure 2. The propeller
was driven by a 435-horsepovmr Curtiss D–12 engine
mounted in an open-cockpit fuselage. A dynamometer
for measuring the torque of the enginewas ako mounted
in the fuseIage. A description of this dynamometer,
the thrust balance, and other wind-tunnel apparatus
wUIbe found in reference 3.

Tests were made at propeIIer pitch settings of 15-5°
and 23.5° (at 0.75 radius) with the propeller a~ yawed
at 0°, 5°, 10°, and 15”. The method of conducting the
tests was the same as that described in reference 2.

The method of supporting the modeI wing and
nacdle in the wind tunneI is shown in Figure 3. The
wing and nacelIe pivoted about the top of the two
wing supports, and the angle of pitch was changed by
raising or lowering the end of the Iong sting extending
in the rear of the wing. A 25-horsepower ehwtric
motoil for driring a 4-foot model propeller, was
mounted in the nacelIe. No means were available by
which. the torque ,of the motor could be measured
directly; the motor torque was therefore crdibrated, for
a constant field excitation, using a Prony brake.
Later the calibration was checked by means of a
dynamometer. The wing was 15 feet 10 inches in
span, 3 feet 2 inches in chord, and had a CIark Y airfoil
section.

The 4-foot metaI propeUer used in the model tests
was geornetricaIIy similar to the propeLIerused in the
full-scale tests. It was first tested with the nacelle
alone (fig. 4a), second with the nacelle above the
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wing (fig. 4b), and third in front of the wing (Q 4c).
Later dummy cylinders were fixed to the naceIIe ta
sirmdate a Fright J-5 engine. The model engine was
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FIGCEE 5.–ChraeterfstIca of rd’wder No. 441%16JFat0.75R; d!am.
9 ft.

provided ~ith an ~. L C. A. cowling. This arrange-
ment (fig. 4d) was tested in the same position relative
to the wing as that shown in Figure 4c. MI the ar-
rangements were tested at four propeller blade set-
tings (12°, 17°, 22°, and 27° at 0.75 radius) and
with the thrust Ene at five angles of pitch (– 5°, 0°,
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FIGCEE6.-Chnr3eteristIce of repeller No. 4412,28S at 0.75R dfam. 9 ft.

+ 5°, + 10°, and + 15°) relative to the wind direction.
The forces in the model tests were measured in the
same manner as those in the fulkcale tests, except that
the torque of the motor was obtained from the cali-
bration curve (armature current versus torque)
previously determined.

For zero pitch or yaw, the re.dtant horizonhd force
on the propelIer-body combination, as measured on the
thrust balance, is equaI to:

.—

R= T’-AD-D ‘
-.

where 2’= propeller thrust (tension in propeIIer shaft),
D =drag of combination without propeller (at

the same dynamic pressure q),
AD =increment of drag due to slipstream.

The effecti~e thrust mav be defied as
T–”~=R+D
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FIGLTEE7.-Chm.cteristic9 ofpropeIIer No. Mu 4ft. dh?x eet 1Pat
0.75R nacelle done

RESULTSAND DISCUSSION

The data are reduced ta the usual nondimen-
sional coeflkients of thrust, power, and propulsive
ef60iency:

Thrust coefRcient = G=
effective thrust

p n%DA

Power coefficient =C. =
input power

pn3LY

eflective thrust X -reIoc-
.6

v PropuIsiYe effioienoy-
itiyof advance

,- input power
.4

where p= mass density of the air,
n =revohdions per unit time,

.2
D= diameter of propeller.

The observed data are given in Tables I and II
for the full-scale teste.

o The faired curves of these coefficients plotted

agfitnZD me given in Figures 5 and 6. These

curves show no comqistentvariation with the change
in the angle of yaw. The change in the thrust and _ .._
power coefficients is smalI and the greatest ~ariation . ...
in the peak efficiency is only 2 per cent.

The results for the model propdler tests are given in
Figures 7 to 10, inclusive. Only the curves for the 17°
blade settingg are presented, since these are repre- —
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sentative of the curves for aII the blade settings.
The tables of these data have not been included in this
report, since they are soon to be published in a report
on wing-nacelle-propeller test9.
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For the propeller with the nacelIe alone (@. 7)
there is very little change in the characteristics of the
propeller for the change in the angle of the thrust Line.
When the propelIer and nacelle are placed above the
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FIGURE9.—Characterfatlmof propdlcr No. 44M,4ft. dfsrn.; set ]7 at
0.75R naede In front of wfng

wing (fig. 8) there is a small but consistent decrease
in effective thrust with increasing angle of pitch.
Figures 9 and 10 show the results for the propellar
and nacelle directly in front of the wing. For this
condition the effective thrust decreases rapidly with
increasing angle of the thrust Iine. For the model

engine nacelle with the propeller

the decrease in effective thrush at

set at 17° (fig. 1O)

the ~~ of peak effi-
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FIGURElo.—ckmdufetfceofPmpalIerNo.4412;4 [L dfnuI,;sotm at
0.76R; model engine necelle in front of wfng

\

ciency for a change in the angle of thrust line of 15°
amounts to approximately 19 per cent.
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In Figure 11 the peak efficiency, for tho various
blade settings and wing-nacelle combinations, has been

.
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plotted against the angle of pitch. For the nacelle
alone, the greatest change in peak eficiamy for a 15”
change in the angle of thrust line is 5 per cent. with
the model cowIed-engine nace.Ue,in front of the wing
the greatest decrease in ei%ciency amounts tQ 15 per
cent. The drop in peak efficiencyie greater for the high
blade settinga than for thelow,butthe dif7ermceissma11.

The results of the above tests indicate that the effect
of small angles of yaw and pitch on the characteristics
of a propeIIer is small provided there is no wing in the
slipstream. Hovremr,if theprope~eris working direotly
in front of a wing, the effective thrust and propulsive
efficiency decreaserapidIy with increasing angleof pitch.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,

i~ATIONAL ADVISORY COMMImEEI FOB AERONAUTICS,

LANGLEY FIELD, VA., January 20,1931.
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